Yu, Bargmann lab) that expresses cameleon under the control of the myo-3 promoter [20] . Animals were immobilized on agarose pads, and Ca 2ϩ transients were monitored as described [19] . A typical focal plane of image capture allowed the simultaneous monitoring of two vulSummary val muscles (Figure 1 ). Though full egg-laying events were rare under our recording conditions, we observed From nematodes to humans, animals employ neuromany small vulval muscle contractions, and during these modulators like serotonin to regulate behavioral patevents, the YFP intensity/CFP intensity ratio transiently terns and states. In the nematode C. elegans, serotoincreased. This ratio change was typically accompanied nin has been shown to act in a modulatory fashion to by an increase in YFP emission intensity and a reciprocal increase the rate and alter the temporal pattern of decrease in CFP intensity, consistent with the expected egg laying ences between the frequency of Ca 2ϩ events in the vm1 transients. In contrast, we found that the spontaneous and vm2 muscles ( Table 1) Table 1 ). Thus, analyses of egg-laying behavior, the activity patterns of spontaneous vulval muscle activity persists in the abindividual muscles and neurons in the egg-laying circuit sence of neuronal input, consistent with behavioral pre-(and the relationship of cell physiology to egg-laying dictions that the egg-laying motorneurons play a moduphenotypes) have been difficult to examine. 
. Thus, caregulators of serotonin have been identified in genetic meleon could be used to reliably detect vulval muscle studies [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , their effects on specific neurons and Ca 2ϩ transients in intact behaving animals. muscles in the egg-laying circuitry have been difficult
Using cameleon, we recorded simultaneously from to determine. Using the genetically encoded Ca 2؉ indipairs of vm1 or vm2 muscle cells to investigate their cator cameleon, we found that serotonin acts directly patterns of activity in vivo. We found no significant differon the vulval muscles to increase the frequency of Ca 2؉ ences between the frequency of Ca 2ϩ events in the vm1 transients. In contrast, we found that the spontaneous and vm2 muscles ( Table 1 ). The activities of individual activity of the egg-laying motorneurons was silenced vulval muscle cells, imaged simultaneously in individual by serotonin. Mutations in G protein ␣ subunit genes animals, showed significant temporal correlation. For altered the responses of both vulval muscles and eggexample, 23.2% of events in a pair of simultaneously laying neurons to serotonin; specifically, mutations in imaged muscles were correlated within a window of the G q ␣ homolog egl-30 blocked serotonin stimulation 100 ms, significantly higher than would be expected by of vulval muscle Ca 2؉ transients, while mutations in chance ( Figure 1D ). Baseline vulval muscle Ca 2ϩ tranthe G o ␣ homolog goa-1 prevented the silencing of sients were sporadic and temporally clustered (Figure motorneuron activity by serotonin. These data indicate 2). Periods of high activity typically lasted 3-4 s and that serotonin stimulates egg laying by directly moducontained multiple, small Ca 2ϩ events; inactive periods lating the functional state of the vulval muscles. In lasted an average of 30 s and occasionally persisted addition, serotonin inhibits the activity of the motorover 1-2 min in duration. neurons that release it, providing a feedback regulaWe next investigated whether the egg-laying motortory effect that may contribute to serotonin adaptation. (Figure 2, Table 1) . Thus, the ability of serotonin to increase the frequency of Ca 2ϩ events was not markmutants on vulval muscle activity and its modulation by serotonin. Of the 20 G protein ␣ subunits in the C. eleedly affected by the absence of the egg-laying motorneurons, indicating that serotonin directly stimulates the gans genome [9] , five are known to be expressed in the vulval muscles: goa-1, gsa-1, gpa-7, gpa-14, and gpaactivity of the vulval muscles.
To investigate the molecular requirements for sero-16. Viable loss-of-function alleles exist for goa-1, gpa-7, and gpa-14; we therefore assayed the effects of these tonergic modulation of the vulval muscles, we tested the effects of mutations in genes known to affect eggmutations on vulval muscle Ca 2ϩ transients in the presence and absence of serotonin. Mutations in gpa-7 and laying behavioral responses on serotonin's ability to induce changes in vulval muscle Ca 2ϩ dynamics. Previous gpa-14 had no significant effect on baseline vulval muscle activity or its enhancement by 5HT (Table 1) Table 1 ). To determine whether these effects were due to muscle-intrinsic action of GOA-1, we imaged taneous and aperiodic Ca 2ϩ transients in approximately 25% of all 1 min recordings from N2 HSNs, with an animals in which the egg-laying motorneurons were ablated in the goa-1(n1134) mutant background. We oboverall mean of 1.00 events/min (Figure 3) . We next assessed the effects of exogenous serotonin served that these ablated mutant animals showed elevated Ca 2ϩ activity compared with neuronally ablated and goa-1 on motorneuron activity. In the presence of exogenous serotonin (1.3 mM), we unexpectedly obwild-type animals (10.69 versus 1.08 events/min, p Ͻ 0.01 by Kolmogorov-Smirnov; Figure 2 , Table 1 Table 1 ). In addition, egl-30(n686) mutants were markedly less responsive to the stimulatory effects of serotoleast in part through direct modulation of vulval muscle Ca 2ϩ dynamics. In is interesting to note that the increase nin on vulval muscle Ca 2ϩ activity. Consistent with epistasis results reported in previous behavioral studies in the frequency of vulval muscle activity caused by serotonin did not require neuronal input from the HSNs [11], we found that the egl-30(n686); goa-1(n1134) double mutant was also serotonin resistant (Table 1) 
